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Abstract
Recent developments in string compactifications in the presence of antisym-
metric field backgrounds suggest a new simple and predictive structure for soft
terms in the MSSM depending only on two parameters. They give rise to a pos-
itive definite scalar potential, a solution to the µ-problem, flavor universality
and absence of a SUSY-CP problem.
1 Introduction
The Minimal Supersymmetric Standard Model (MSSM) [1] keeps on being on the most
prominent candidates for an extension of the SM addressing the hierarchy problem.
Gauge coupling unification is an important success in this scheme [2] and electroweak
symmetry breaking is naturally induced as a consequence of SUSY breaking and a
large t-quark mass [3]. The weakest point of the MSSM is the origin and structure of
SUSY-breaking. We know that after the dust settles one can parametrize our ignorance
in terms of dim≤ 3 SUSY-breaking soft terms like gaugino and scalar masses. Before
SUSY-breaking the globally SUSY scalar potential has the form
VSUSY = | − µ Hd + hijUQiUj |2 + | − µ Hu + hijDQiDj + hijLLiEj |2(1.1)
+
∑
i
( |hijUUjHu + hijDDjHd|2 + |hijUQjHu|2 + |hijDQjHd|2 +
+ |hijLLjHd|2 + |hijLEjHd|2 ) + VD−terms
where µ is the SUSY Higgs mass and the Yukawa couplings are complex matrices
in generation space. Q and U,D are the left and right-handed squarks respectively,
whereas L,R are left- and right-handed leptons. Upon SUSY breaking the most general
form of the SUSY-breaking yields terms
Lg =
1
2
∑
a
Ma λaλa + h.c. (1.2)
Lm2 = −m2Hd |Hd|2 −m2Hu |Hu|2 −m2QijQiQ∗j −m2UijUiU∗j
− m2DijDiD∗j −m2LijLiL∗j −m2EijEiE∗j
LA,B = − AUijQiUjHu − ADijQiDjHd − ALijLiEjHd − B HdHu + h.c.
It is well known that the most general form of soft terms has a variety of problems
which include
• 1. Lack of flavor universality (at least for the lightest generations) may induce
too large flavor violating neutral currents (FCNC).
• 2. Arbitrary complex phases for the A,B, µ and gaugino masses may lead to
large CP-violating electric dipole moments [4].
• 3. For arbitrary soft terms the scalar potential is unbounded below and may
lead to SU(2)×U(1) breaking at the unification/string scale and/or charge- and
color-breaking minima.
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• 4. The µ-problem [34]. We would like to understand why a SUSY mass parameter
like µ turns out to be of the same order of magnitude as the SUSY-breaking mass
terms.
The first problem is often solved by hand by postulating universal scalar masses
and Aij = hijA-parameters at the large scale. This is what is done for example in the
popular mSUGRA scenario [6] in which there are just five parameters m,M,A,B, µ.
In this scenario SUSY is broken in some hidden sector of the theory at a scale of order
MSB ≃ 1010 GeV and it is transmitted to the observable sector of particle theory by
supergravity interactions. The soft terms are then of order ≃M2SB/MP lanck ≃ 102 GeV.
Concerning the second problem, again one can postulate that all soft terms are real or
else that there is some ( so far not very well motivated) phase alignment taking place.
Finally, in order to get a stable scalar potential one usually restricts oneself to certain
regions of soft parameter space. Concerning the µ-problem, a natural mechanism in
the context of N = supergravity was proposed in ref.[7].
It is clear that in order to find a satisfactory solution for these problems we need
a theory of supersymmetry breaking. It would be particularly interesting to have a
well motivated underlying theory in which SUSY-breaking takes place naturally and
in which all the above problems are addressed.
Here we are interested in gravity mediated models [6, 8] which naturally appear
when combining N=1 supersymmetry with gravitational interactions. In this case the
scalar potential of the massless chiral fields is given by the general expression [9] (we
are using here Planck mass units)
V = eK
(
gij¯(DiW )(D¯j¯W¯ ) − 3|W |2
)
+ D − term (1.3)
where the index run over all the chiral fields and K and W are the Kahler potential
and superpotential of the theory. One also has for the Kahler covariant derivative
DiW = ∂iW + WKi (1.4)
The general idea is that spontaneous supersymmetry breaking takes place in some
hidden sector of the theory so that the gravitino gets a mass m3/2 = exp(K/2)W .
By taking the limit MP lanck →∞ while mantaning m3/2 fixed one generically obtains
bosonic SUSY-breaking soft terms. The gaugino masses are determined by the first
derivative of the gauge kinetic function, i.e. fa by
Ma = (2Refa)
−1F i∂ifa (1.5)
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where the F i is the vev of the auxiliary field corresponding to the chiral multiplet
φi. The form of the so obtained soft terms thus depend on the structure of K,W
and fa, as well as on which chiral (hidden sector) fields are involved in the process of
SUSY-breaking (F i 6= 0). Thus within this scheme a theory of soft terms correspond
to a choice for these functions and a minimization of the potential leading to SUSY-
breaking.
A well motivated underlying theory would be string theory. From the very early
days of string theory phenomenology attempts were made to understand the possible
origin of SUSY-breaking soft terms [10]. It was also soon realized that the Kahler
moduli Ti, dilaton S and complex structure Mi fields which appear in string compact-
ifications are natural candidates to constitute the hidden sector of the theory. For
certain classes of heterotic compactifications (i.e. Abelian orbifolds and certain large
volume limits of Calabi-Yau (CY) compactifications) it was possible to compute in
perturbation theory the form of the functions K,W and fa [11]. Two natural sources
of SUSY-breaking were put forward: gaugino condensation and a non-vanishing flux
Hijk in compact dimensions for the two index antisymmetric field Bij appearing in
the heterotic [10]. However the latter source did not look very promising since those
fluxes are quantized and give rise to too large SUSY breaking of order the Planck scale.
Gaugino condensation [35] may lead to hierarchically small SUSY-breaking, however
specific models had two generic problems: first, there were to many moduli/dilaton
fields to be determined by the gaugino condensation potential; secondly, the vacuum
energy at the minima of the scalar potentials was in general large and negative, leading
to AdS space.
Another slightly more model independent proposal was made in order to be able to
compute soft terms [13, 14, 15, 16]. The idea was to assume that the source of SUSY
breaking resides in the auxiliary fields of the dilaton/moduli fields, e.g. , FS, FTi. Even
without knowing what could be the source of these non-vanishing auxiliary fields,
knowledge of the Kahler potential and gauge kinetic function in some simple heterotic
compactifications allowed (under the assumption of a vanishing cosmological constant)
for the computation of soft terms as a function of the auxiliary fields. Two limits
were particularly simple: in the case in which the auxiliary field of the overall volume
field T dominates (FT 6= 0) one gets a ’no-scale structure” [17] leading to a leading
order vanishing cosmological constant. This looks like a quite interesting starting point,
however in that limit no soft terms whatsoever were generated (to leading order) [15]. In
the dilaton domination case (FS 6= 0) one obtains a set of appealing flavor-independent
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SUSY-breaking soft terms [14, 15]. However no microscopic source for such FS 6= 0
was found.
In the last nine years a number of developments have taken place which suggests
to revisit these problems. First, it has been realized that Type II and Type I strings
offer quite promising possibilities for the construction of string vacua close to the
structure of the SM. A crucial ingredient in this new model building are Dp-branes,
non-perturbative configurations in string theory corresponding to (p + 1) dimensional
subspaces inside the full 10-dimensional theory. The crucial property of Dp-branes is
that open strings are forced to have their boundaries on them. String excitations of
open strings on the Dp-branes give rise to massless gauge fields as well as fermions and
scalars. Those fields are then to be identified with the fields of the SM. In fact a number
of D-brane string configurations have been constructed using e.g. D-branes at singu-
larities [18] and/or intersecting D-branes [19] with a massless spectrum remarkably
close to the SM 1.
A second new ingredient whose importance has only recently been realized is the
role played by antisymmetric field fluxes in generic string compactifications [20, 21, 22]
. The case of 3-form fluxes in Type IIB CY (orientifold) compactifications has been
studied with particular intensity in the last couple of years. It was realized in [21] that
such kind of fluxes in Type IIB orientifold theories give rise to a scalar potential which
fixes both the dilaton and the complex-structure moduli Mi. Furthermore the hope
exists that, when including non-perturbative effects depending on the volume moduli
Ti all the moduli in these compactifications could be determined [22]. This would be an
important result since the proliferation of undetermined scalar moduli vevs has been
for many years one of the outstanding problems of string theory.
In a different development it has been recently shown [23, 24, 25, 26] that fluxes of
this type give also rise to SUSY-breaking soft terms on the worldvolume of D3-branes
and D7-branes. In particular it was noted [24, 25] that fluxes induce non-vanishing
expectation values for the auxiliary fields of the dilaton S and/or moduli Ti, in this
way making contact with the approach followed in refs.[13, 14, 15, 16] and providing
a microscopic explanation for the vevs of the auxiliary fields. In particular in ref.[26]
certain classes of soft terms for matter fields in the worldvolume of D7-branes and with
potential phenomenological interest have appeared. They are particularly interesting
1One can argue that the semirealistic perturbative heterotic models studied up to now are S-dual
to orientifold Type IIB compactifications with D9-branes. It is thus not surprising that considering
more general configurations with different Dp-branes lead to a new model-building possibilities not
previously envisaged in perturbative heterotic compactifications.
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since, unlike other previous attempts to compute soft terms from string theory, they
correspond to Type IIB orientifold compactifications which solve the classical equations
of motion. In the present paper we try to obtain general patterns of MSSM SUSY-
breaking soft terms based on those recent results.
2 A bottom-up motivation
The results suggested by flux-induced SUSY-breaking may be also motivated from a
bottom-up approach. The first (FCNC) problem of the MSSM suggest to start with
flavor independent mass and trilinear terms for squarks and leptons. Let us consider
now the second of the MSSM problems listed above which concerns complex phases
in soft terms. In a universal setting complex phases may appear from µ,B,M and A
parameters. Physical phases actually depend on the two linear combinations [1]
φ1 = φµ + φA − φB (2.1)
φ2 = φµ + φM − φB
where µ = |µ|eiφµ, M = |M |eiφM , A = |A|eiφA and B = |B|eiφB . For φ1,2 to vanish one
needs to have
φA = φM ; φB = φµ + φM (2.2)
The simplest way to achieve this is having soft terms related by:
A = aM ; B = b Mµ (2.3)
with a, b constant real parameters.
It is remarkable that there is a very simple modification of the SUSY scalar potential
eq.(1.2) which solves the first three problem listed above. This amounts to making the
replacements 2
WHu −→ WHu − au M∗ H∗u (2.4)
WHd −→ WHd − ad M∗ H∗d
where Wi indicates derivative with respect to the i-th scalar and au, ad are real pa-
rameters. The superpotential here includes the bilinear −µHuHd as usual. Note that
2As we will see below, from the N = 1 supergravity point of view this replacement will correspond
to going from the SUSY auxiliary fields to the SUGRA ones.
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by making these replacements one obtains a positive definite scalar potential with soft
terms
Au = −au M ; Ad = AL = −ad M (2.5)
m2Hu = a
2
u|M |2 ; m2Hd = a2d|M |2 ; m2f˜ = 0
B = (au + ad)Mµ
where m2
f˜
are the masses of scalar partners of quarks and leptons. In addition all
phases in soft terms may be rotated away. Particularly simple boundary conditions are
obtained in the case with au = ad = 1. In this situation all soft terms are determined
by a couple of parameters M and µ:
m2Hu = m
2
Hd
= |M |2 ; m2
f˜
= 0 (2.6)
A = − M
B = 2Mµ
Note that in principle one could a similar substitution for the rest of the chiral fields
of the MSSM
VSUSY =
∑
i
|∂iW |2 −→ VSB =
∑
i
|∂iW − aiM∗φ∗i |2 (2.7)
with i = Hu, Hd, Q˜, U˜R, D˜R, L˜, E˜R. Such a procedure would give rise to universal mass
terms for all squarks/sleptons and Higgs fields, as well as trilinears. Indeed we will see
below that flux-induced SUSY breaking suggests to make such universal replacement
with all ai = 1.
3 Fluxes, D-branes and SUSY breaking soft terms
The kind of string context that we are going to work on here is that of Type IIB
orientifold compactifications. This is one of the simplest contexts in which in the last
few years a number of chiral models with a particle content close to the SM have been
constructed [18, 19]. In these theories one compactifies Type IIB strings on a CY
manifold (or a toroidal orbifold) and further modes out the theory by an order-2 twist
which includes the Ω operation which corresponds to world-sheet parity. Consistency
of the compactification (RR tadpole cancellation conditions) requires the presence of
some particular set of Dp branes with p = 3, 5, 7, 9 in the setting. Depending on the
particular form of the orientifold operation one type or other of Dp-branes are required.
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If we want to preserve one unbroken D = 4 SUSY eitherD3, D7 or alternatively D9, D5
sets may be added. In the case in which the orientifold operation is just Ω only D9-
branes are required and the result is just a standard compactification of Type I string
theory. Since the latter is known to be S-dual to the Heterotic string, the effective
actions are quite similar and the phenomenology also is, so one does not expect to obtain
results very different from those previously found in heterotic compactifications. We
will rather focus in the case of orientifolds in which D7-branes (and possibly additional
D3-branes) are present. The worldvolume of D7-branes is 8-dimensional and it is
supossed to include Minkowski space and a 4-cycle inside the compact CY manifold. If
the position of the D7-branes in the transverse dimensions is sitting on a smooth point
of the CY, there appears an N = 4 Yang-Mills theory in the effective 4-dimensional
Lagrangian. If D7-branes sit on top of some (e.g., orbifold) singularity the symmetry
is reduced and one may get chiral N = 1 theories (see e.g. ref.[18] for a description of
this type of models) of phenomenological interest 3.
As we mentioned, in the last few years it has been realized the importance of
fluxes of antisymmetric fields on the structure of Type IIB orientifold compactifications
[20, 21, 22]. Ten-dimensional Type IIB theory has a couple of antisymmetric tensors
BNM and ANM coming respectively from the so called NS and RR sectors of the theory.
They can have (quantized) fluxes Hijk, Fijk along the compact complex dimensions
i, j, k = 1, 2, 3
1
2piα′
∫
C3
F3 ∈ 2piZZ ; 1
2piα′
∫
C3
H3 ∈ 2piZZ (3.1)
where C3 is any 3-cycle inside the CY. In SUSY compactifications it is actually the
complex flux combination
G3 = F3 − iSH3 (3.2)
which naturally appears. Here S is the complex axi-dilaton field. As long as the super-
gravity equations of motion are obeyed this is a degree of freedom which is generically
there and should be considered.
It was realized in [21] that such type of fluxes give rise to a scalar potential which
fixes the vev of the dilaton and all complex-structure (shape) moduli. Specifically,
G3 backgrounds of a certain class (i.e. imaginary self-dual fluxes, ISD
4 ) solve the
equations of motion with a vanishing c.c. to leading order. The origin of this dynamics
3More general Type IIB compactifications of this type are more efficiently described in terms of
F-theory compactifications on CY 4-folds [27].
4Imaginary self-dual fluxes verify G(3) = −i ∗6 G(3), where ∗6 means Hodge dual in the compact
six dimensions.
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is the generation of a flux-induced superpotential of the form [28, 29]
W = κ−210
∫
M6
G(3) ∧ Ω (3.3)
where κ210 =
1
2
(2pi)7α′4 is the D = 10 gravitational constant and Ω the Calabi-Yau
holomorphic 3-form (see e.g. ref.[21] for details). This superpotential depends on the
dilaton complex field S and the complex structure moduli (through Ω) but not on the
kahler moduli (Ti fields). It can be shown that upon minimization of the resulting
D = 4 scalar potential the dilaton S and complex structure moduli fields are fixed
with a vanishing c.c. (to leading order in both the string coupling constant gs and the
inverse string tension α′).
Furthermore, in [22] it was pointed out that, when combined with non-perturbative
effects on the gauge couplings (like e.g., gaugino condensation) fluxes may potentially
lead to a determination also of all the T-like volume moduli. As we said, if true this
would be important progress, since fixing the dilaton moduli and complex structure
fields in string theory has always been one of the most outstanding problems.
As we mentioned it has also been recently shown that fluxes of this type give rise
to SUSY-breaking soft terms on the worldvolume of D3-branes and D7-branes. In
particular in ref.[24] it was realized that certain particular choices of G3 backgrounds
gives rise to soft terms corresponding to the dilaton dominance or modulus dominance
limits discussed in the heterotic literature [16]. This is important since it provides for a
microscopic explanation of non-vanishing auxiliary fields for dilaton and moduli. The
obtained soft terms are proportional to the flux densities G(3) which have a dependence
for large radius G3 = f
α′
R3
, with f an R-independent constant measuring the amount
of quantized flux. Thus one typically obtains SUSY-breaking terms of order [24]
msoft =
g1/2s√
2
G(3) =
fg1/2s√
2
α′
R3
= =
f M2s
Mp
(3.4)
with Ms the string scale and Mp = M
4
sR
3 the Planck scale. Thus a way to get soft
terms of order the electroweak scale is having the string scale at an intermediate scale
Ms ≃ 1010 GeV. However it would be consistent to have a high string scale with
Ms ≃ Mp if the factor f in eq.(3.4) is sufficiently small, i.e., if the local flux in the
brane position is for some reason diluted. That is for example the case in the presence
of a large warping supresion [21, 22]. In what follows we will not deal with these
issues but assume that the resulting soft terms are of order the electroweak scale, as
phenomenologically required.
It turns out that the kind of fluxes which solve the Type IIB equations of motion
(i.e., ISD ones) do not lead to any soft terms to leading order for the fields on the
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worldvolume of D3-branes. Thus if we try to embed the MSSM on D3-branes we find
no soft-terms at all. From the effective field-theory point of view this happens because
the ISD fluxes considered correspond to ’modulus-dominance’ SUSY breaking which
has a no-scale structure leading to no soft terms to leading order [17].
The prospects change completely if one considers the embedding of the SM inside
D7-branes. As we said, this is a natural thing to do in the context of Type IIB F-
theory compactifications 5. As recently emphasized in ref.[26] ISD fluxes do give rise
to interesting SUSY-breaking soft terms for the fields on D7-branes. We are not giving
any details here but we can summarize the results and later we will motivate it from
the effective field theory point of view.
A stack of D7-branes gives rise at low-energies to charged chiral multiplets φi upon
KK compactification. A large class of those admit a geometric interpretation in the
sense that vevs for them parametrize the position of D7 brane in transverse space
inside the CY manifold. What we are going to discuss now refers to that particular
class of D7-brane charged fields 6
Two types of ISD Gmnp flux densities (which we take for simplicity to be constant
over the CY) are particularly relevant. The first of them corresponds to (0, 3) forms
(e.g., a tensorial structure G1¯2¯3¯ in tori) and gives rise to SUSY-breaking soft terms.
The second corresponds to (2, 1) forms (e.g., a tensorial structure G123¯ in the toroidal
case) and does not break SUSY but may give rise to a µ-term if the symmetries of the
CY compactication allow for it (see ref.[24, 26]). In ref.[26] (section 5.1) the soft terms
induced by these types of fluxes where computed in some simple D7-brane settings. It
was found that all the bosonic soft-terms arise from positive definite contributions to
the scalar potential given by
Vflux =
∑
i
| −M∗φ∗i + ∂iW |2 (3.5)
where ∂i is the derivative with respect to φi and W is the superpotential involving the
field φi. Here M is the gaugino which is given in terms of the fluxes by
M = c(G(0,3))
∗ (3.6)
5Upon T-dualities and S-duality the type of setting we are considering should correspond to a
non-perturbative heterotic background in which the SM resides on the heterotic 5-branes rather than
coming from the SO(32) or E8 heterotic gauge groups.
6In many F-theory compactifications all charged D7 zero modes have this geometric character.
In simpler less generic compactifications (e.g. toroidal or orbifold orientifolds) some D7 zero modes
rather parametrize e.g. values of continuous Wilson lines. We will refer later to those.
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where c = g
1/2
s
3
√
2
, with gs the string coupling constant. In addition, if the chiral field φi
is vector-like a possible SUSY mass term appears given by the flux
µ = −c(G(2,1))∗ (3.7)
As explained in refs.[24, 26] (see also [25]) these results may be understood also from
the effective N = 1 supergravity point of view. Indeed it may be seen that a non-
vanishing value forG(0,3) induces a non-vanishing expectation value for FT , the auxiliary
field of the overall modulus field T . A constant superpotential proportional to G(0,3)
is also induced. Now on D7-branes the gauge kinetic function is simply given by
fa = T and hence from eq.(1.5) gauginos get a mass proportional to FT (and hence to
G(0,3)). The SUSY-breaking terms above may be understood as arising from a ’modulus
domination’ scheme. This may sound surprising for readers familiar with heterotic
compactifications, since in that case it is well known that modulus domination leads to
no soft terms at all to leading order. Indeed that would be the case also in Type IIB
orientifolds if e.g., one considers the charged fields arising from D3-branes. Those do
not get any soft terms either from a G(0,3) background. It is the fact that our charged
fields are living on D7 branes (which is the natural situation in F-theory) that makes
the difference. The fact that modulus dominance may lead to non-trivial soft terms
for branes different than D9 or D3 already appeared in ref.[32] in which the approach
of ref.[15] was applied to Dp-brane Type I systems (see [26] for a description of its
connection with flux-induced soft terms).
From the N = 1 supergravity point of view is easy to understand the appearance
of this positive definite SUSY-breaking scalar potential. It is well known that if only
the auxiliary field of the overall modulus T is breaking SUSY, the negative piece of the
scalar potential eq.(1.3), −eK3|W |2 is canceled by a positive contribution coming from
the T-field auxiliary field |DTW |2 leading to a vanishing vacuum energy, this is the
no-scale structure. On the other hand one observes that it remains a positive definite
piece which is uncanceled and is given by
V = eK
(
gij¯(DiW )(D¯j¯W¯ )
)
(3.8)
where the sum now only runs over the matter fields (the contribution of S vanishes
identically since the fluxes considered do not contribute to FS). Now substituting
DiW = ∂iW + WKi, normalizing canonically the fields and recalling that both the
constant superpotential and gaugino masses are proportional to G(0,3), one obtains
the result (3.5). Note that this has the same form as the SUSY scalar potential for
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matter fields with the only difference that one replaces the usual derivative ∂i by the
covariant Kahler derivative DiW . This is precisely the kind of substitution required
from a bottom-up argumentation in the previous section.
Note that sometimes someD7 charged fields may not appear in this scalar potential.
As we said, this is the case of D7 chiral fields not corresponding to geometric D7-brane
moduli. A particular example appears in toroidal or orbifold orientifolds in which
some massless D7-scalars parametrize possible continuous Wilson lines. Those fields
have kinetic terms which depend only on T and then the standard cancellation for soft
masses characteristic of no-scale models takes place. Thus in this toroidal case, scalars
φ1, φ2 corresponding to Wilson lines in the first and second complex planes remain
massless whereas φ3, which parametrizes the D7-position is transverse space get masses
in the form described above (see [26]). However, in generic CY compactifications at
most discrete (not continuous) Wilson lines may be added, so the presence of these
type of D7-brane moduli is ungeneric.
4 The fluxed MSSM
Although there is has been important recent progress in obtaining realistic models from
Type II orientifolds [18, 19], most of the examples considered assume vanishing anti-
symmetric fluxes. Some preliminary steps on realistic models with fluxes have however
been given [30, 24, 26, 31] . Still, although the D7 brane flux configurations considered
up to now are very simplified, it could well be that similar structures could appear
in more realistic Type IIB orientifolds or F-theory compactifications. In particular,
the fact that the scalar potential including soft terms is positive definite and involves
the scalars parametrising the D7-brane positions seems to be a general property of
SUSY-breaking induced by ISD antisymmetric backgrounds.
It seems then worth considering in which way such a structure could appear in a
theory including the spectrum and interactions of the MSSM. A first simple option is
to assume that all the fields of the MSSM correspond to geometric D7-brane moduli
in some F-theory compactification. We then assume that ISD fluxes of type G(0,3)
are present leading to modulus dominated SUSY-breaking. In addition, if a G(2,1)
background is present, the Higgs multiplets may generically get a µ-term, as explained
above. Then the full SUSY-breaking scalar potential will have the form
VFMSSM = | − µ Hd − M∗ Hu∗ +
∑
ij
hijUQiUj |2 (4.1)
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+ | − µ Hu − M∗ H∗d +
∑
ij
hijDQiDj +
∑
ij
hijLLiEj |2
+
∑
i ( | − M∗QiL∗ + hijUUjHu + hijDDjHd|2
+ | − M∗U i∗ + hijUQjHu|2 + | − M∗Di∗ + +hijDQjHd|2 +
+ | − M∗Ei∗ + hijLLjHd|2 + | − M∗Li∗ + hijLEjHd|2 ) ) + VD−terms
This potential gives rise to the following set of bosonic SUSY-breaking soft terms for
the MSSM:
m2Hu = m
2
Hd
= m2q˜ = m
2
l˜
= |M |2 (4.2)
AU = AD = AL = − 3M
B = 2Mµ
Note that all soft terms are universal and given by only two free parameters M and
µ which are determined by the ISD fluxes G(0,3) and G(2,1) respectively. As a general
remark note that, since both the SUSY-breaking parameter M and the µ− term arise
from fluxes, it is natural for them to be of the same order of magnitude. Thus flux
SUSY-breaking solves naturally the µ-problem.
We thus see that under the assumption that 1) our SM fields are embedded as
geometric D7-brane fields in a general Type IIB orientifold (or more generally, F-
theory) compactification and 2) that ISD fluxes are present we obtain a rather simple
structure of soft terms addressing the four MSSM problems listed at the beginning of
the paper 7.
Most of the features of the above simplest choice of soft terms may be also obtained
from a simple N = 1 supergravity toy model. Indeed, consider the following string
motivated type of gauge kinetic function fa and Kahler potential
fa = T (4.3)
K = −log(S + S∗ − |Hu +H∗d |2 −
∑
i
|φi|2) − 3log(T + T ∗)
W (S) = aM2p S + bM
2
p
where φi represent the squark and slepton fields. The superpotential W (S) is modeling
the general flux-induced superpotential eq.(3.3) and a, b are complex constants related
to the flux densities H(3), F(3) integrated over the CY space
8. We will however treat
7In the addendum we address a possible generalization which includes the case in which the MSSM
particles live at the intersections of different stacks of D7-branes.
8Note that this flux inspired superpotential has the form of a simple Polony superpotential for the
dilaton complex field. However the ’Polony field’ here is S which does not have a canonical metric as
in the old supergravity models.
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a, b as free constant parameters. Readers familiar with string derived N = 1 models
will note a number of differences from the standard perturbative heterotic lore. First,
the gauge kinetic functions are not given by the axi-dilaton field S but rather by the
complexified volume field T . A second difference is that the MSSM fields appear in
the Kahler potential combined with the complex dilaton S field rather than the overall
modulus T . However this is precisely the form of the gauge kinetic functions and Kahler
potential which appear when considering simple toroidal/orbifold compactifications of
Type IIB orientifolds with geometric (no-Wilson-line) D7-brane matter fields [32, 33]
. In this toy example is easy to see that upon minimization of the scalar potential
one has FS = 0, which fixes the value of the complex dilaton field at S = (b
∗/a∗).
At the minimum a constant superpotential is obtained at W0 = M
2
p [(a/a
∗)b∗ + b].
Due to the no-scale structure of the T -field SUSY is broken by a non-vanishing FT ,
with a vanishing vacuum energy, leaving the T-vev undetermined. Using standard
supergravity formulae (see e.g. ref.[16]) it is an easy exercise to show that precisely
the simple choice of soft terms (4.2) are obtained. This particular form of Kahler
potential leads to a contribution to the µ-term generated a la Giudice-Masiero µ0 = M
[7] . More generally the flux analysis shows that the complete µ-term and gaugino
masses M depend on different fluxes and hence are in general independent parameters.
Thus one can reproduce this more general case by considering an explicit µ-term in the
original superpotential.
Irrespective of its string theory motivation, the above simple choice of Kahler po-
tential, gauge kinetic term and S-dependent superpotential constitute an interesting
N = 1 supergravity model containing the MSSM spectrum. No fine-tuning is required
to get a (tree-level) vanishing cosmological constant, still it gives rise to universal
SUSY-breaking soft terms.
Let us end with a number of comments. The above simple universal result is
obtained under the (reasonable) assumption that all the MSSM fields are D7-geometric
moduli. We have mentioned, however that in certain cases some D7 zero modes do
not have a geometric meaning but rather correspond to, e.g., the possible existence
of continuous W.L. backgrounds on the D7-brane worldvolume. Those may remain
massless even in the presence of fluxes. Thus one may perhaps consider other ways
of embedding the MSSM inside Type IIB orientifolds in which some of the MSSM
chiral fields do not get masses. That may lead to non-universal scenarios in which
some of the MSSM fields get soft masses and others don’t. These mixed scenarios seem
however less natural that the universal one described above, since, as we mentioned,
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the presence of continuous Wilson lines is ungeneric in CY compactifications. Also,
from the phenomenological point of view many of those non-universal possibilities are
problematic due to FCNC constraints. One possibility which would be quite simple and
universal would be one in which only the Higgs multiplets correspond to D7 geometric
moduli. In this case the only source of scalar SUSY-breaking soft terms would be
those arising from the first two terms in eq.(4.2) which lead to soft terms of the form
m2Hu = m
2
Hd
= |M |2 ; m2
f˜
= 0; AU = AD = AL = −M , B = 2Mµ. There is finally
a third possibility also leading to universal soft terms, which is to assume that all chiral
fermions correspond to D7 geometric moduli, but not the Higgs fields. In that case the
obtained soft terms have m2
f˜
= |M |2, AU = AD = AL = −2M and m2Hu = m2Hd = µ2 =
B = 0. Note that soft terms like these two may be obtained from the toy supergravity
model above by having the squark and slepton fields combined with the T-field(S-
field) in the no-scale fashion in eq.(4.4) while mantaning the Higgs(squark/slepton)
fields combined with S respectively. Let us however emphasize again that these other
non-universal possibilities look less generic in the context of F-theory.
A further comment concerns gaugino masses and gauge coupling unification. If
the relevant D7-branes containing the MSSM fields have all the same geometry (i.e.,
wrap the same 4-cycle in the CY compact space) and are located at the same point in
transverse space, gauge coupling unification at the string scale is expected. In that case
there will also be in general a universal gaugino mass parameter. This has been our
simplifying assumption above, although generalizations without this property could be
envisaged.
5 Final comments
We have argued that the presence of antisymmetric fluxes in Type IIB orientifolds with
D7-branes (or, in general, F-theory compactifications in complex 4-folds) give rise to
an interesting class of soft SUSY-breaking soft terms, eq.(4.2). An important point to
emphasize is that the relevant class of fluxes studied (imaginary self-dual 3-form fluxes)
solves the classical equations of motion for compactified Type IIB string theory [21].
Thus the class of models discussed gives rise, to leading order, to consistent N = 1
low-energy theories with softly broken soft terms. To our knowledge, this is the first
class of classical string compactifications in which that is the case.
From the low-energy N = 1 supergravity effective Lagrangian point of view the
presence of fluxes give rise to modulus dominance SUSY-breaking. However, unlike
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similar type of SUSY breaking studied in perturbative heterotic compactifications (or
its Type I dual with D9 branes), in the present case interesting classes of soft terms do
appear on the massless fields coming from D7-branes after compactification.
Assuming that the MSSM fields may be embedded as geometric D7-brane moduli,
we have argued that the relevant MSSM soft terms depend only on two free parameters,
the gaugino mass M and a µ-term. Those are in turn given by certain classes of flux
densities. Thus one expects both parameters to be of the same order of magnitude,
given the fact that they have a common origin, fluxes. The SUSY-breaking scalar
potential is positive definite and it is simply obtained from the SUSY scalar potential
by making the replacement ∂iW → DiW , with i running over all the chiral multiplets
of the MSSM. The set of soft terms (4.2) so obtained is universal and solves the SUSY-
CP problem due to the specific relationships obtained between the A,B,M and µ
parameters.
A natural question to ask is whether one could find a scheme in which M and µ
were related. In that case we would be left with a single parameter describing all soft
terms. In principle the flux densities G(0,3) and G(2,1) are independent parameters. In
fact, in generic CY compactifications there are a number of different 3-cycles through
which fluxes can exist. The integral of the corresponding RR and NS 3-forms over 3-
cycles in the CY are quantized (eq.3.1) although the flux densities themselves are not.
Thus parametrically these densities G(0,3), G(2,1) go like ≃ N/(V olC), with N integers
and V olC the volume of the corresponding 3-cycle. In specific compactifications the
volumes of the different cycles could be related (e.g. equal) and one would expect
specific relationships (e.g. µ = 2M) depending on the different integers. To find this
kind of relationships would require however an specific example of compactification
yielding the MSSM.
A number of other interesting issues should be addressed. Of course, it would be
important to have orientifolds or F-theory examples with a massless spectrum as close
as possible to that of the MSSM. Also it would be important to realize specific examples
(perhaps with some large dimension transverse to D7-branes and/or warping or other)
in which the size of soft terms is naturally of order the electroweak scale. We have also
ignored in our analysis the dynamics which eventually determines the volume moduli T
(see ref.[35] for a recent discussion of this issue). Another obvious point is to study the
low-energy spectrum of SUSY masses as well as the generation of radiative electroweak
symmetry breaking in this class of theories. The latter will be presented elsewhere [36].
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6 Addendum on Intersecting D7-branes
Some of the most promising semirealistic Type IIA string orientifold models are based
on intersecting D6-branes [19]. Upon T-duality this class of models may be equivalently
described as Type IIB orientifold models with intersecting D7-branes with magnetic
fluxes in their worldvolume (branes of other dimensions may also be present in partic-
ular models). Thus it would be interesting to see what kind of soft terms are induced
by ISD fluxes in this type of intersecting models. Most of those models are toroidal (or
orbifold) compactifications. So we will consider here a case with a toroidal compacti-
fication on T 2 × T 2 × T 2 in which we have three classes of D7-branes, D7i, i = 1, 2, 3
which are transverse to the i-th 2-torus respectively. Thus in addition to the fields
coming from the worldvolume of a stack of D7-branes D7i considered in the main text,
we will now have in general new chiral fields φij corresponding to open strings living
at the intersections of a pair of distinct stacks of branes D7i − D7j. Let us study
here what kind of soft terms appear for these extra fields living at the intersections in
the presence of ISD fluxes (corresponding in field theory language to modulus domina-
tion). Using the effective Lagrangian approach for the overall modulus dominance in
refs.[32, 33] as well as [26, 25] one can figure out what to expect. One finds that the
bosonic SUSY-breaking soft terms for all chiral fields may be obtained as arising from
a slight generalization of the results in the main text, namely
VSUSY =
∑
i
|∂iW |2 −→ VSB =
∑
i
(1− ξi)|∂iW − M∗φ∗i |2 +
∑
i
ξi|∂iW |2 (6.1)
where the T-dependence of the metric of the field φi is (T + T
∗)−ξi 9. Thus the case
considered in the previous sections (geometric D7-brane moduli, no T-dependence in
the kinetic term of the field) corresponds to ξi = 0 and the case of Wilson-line D7-
fields (no S-dependence in the metric) would correspond to ξi = 1, giving rise to no
soft terms. From section 7 in ref.[32] (see also [25]) one can see that the matter fields
in D7i−D7j intersections have metric proportional to ((S+S∗)(T +T ∗))−1/2 and then
one has ξi = 1/2 for the fields. One can easyly check that eq.(6.1) with ξi = 1/2 indeed
reproduces the bosonic soft terms in [32]. It is easy to understand qualitatively these
results. For fields with metric proportional to (T +T ∗)−1 (corresponding to ξ = 1) the
usual no-scale cancellation gives zero soft terms for the fields. For fields with metric
proportional to (S + S∗)−1 there is no cancellation at all and soft terms appear as in
previous sections. On the other hand the metric for the fields at intersections is in
9This may be considered as the Type IIB analogue of the modular weights of ref.[13, 15]).
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some sense in between and there is a partial no-scale cancellation of soft terms, giving
rise to the ξi = 1/2 factor. Note that in more general intersecting D7-brane models in
which there are magnetic fluxes in their worldvolume the T-dependence of the metric
of the fields at intersections will in general depend on the (magnetic) fluxes so that the
ξi will be model dependent and have to be computed in each model.
Let us now apply these ideas to the MSSM. In order to have universality the ξi’s
corresponding to different generations of the same quark or lepton should be equal.
But in fact in the class of models under discussion that is in general the case, different
generations of fields have the same metric. Thus universality is a natural situation even
in these more general configurations. So appart from the flux-induced parameters M
and µ, there will be a set of 7 model dependent parameters ξi, i = Q,U,D, L,E,Hu, Hd.
In terms of all these and using eq.(6.1) one can write down the following set of soft
terms arising from ISD fluxes for the MSSM:
m2i = (1− ξi)|M |2 , i = Q,U,D, L,E,Hu, Hd (6.2)
AU = −M(3 − ξHu − ξQ − ξU)
AD = −M(3 − ξHd − ξQ − ξD)
AL = −M(3 − ξHd − ξL − ξE)
B = Mµ(2 − ξHu − ξHd)
It must be emphasized that in a given model the ξi are computable quantities deter-
mined by the T-dependence of the metric of the corresponding field and hence only
M,µ remain as free parameters. Note that for all ξ = 0 we recover the situation
described in the previous sections, eq.(4.3). As in the simpler case discussed in the
previous sections, these soft terms may be derived from a simple N = 1 supergrav-
ity model with the same gauge kinetic function and S-dependent superpotential as in
eq.(4.4) but with a generalized Kahler potential in which the metric of matter fields
include the mentioned (T + T ∗)−ξi dependence (see [32, 34, 33]).
It would be interesting to compute the ISD flux-induced soft terms in specific
semirealistic compactifications. An example of this is the Type II intersecting D-brane
configuration yielding an MSSM-like spectrum proposed in [37]. This local D-brane
configuration may be embedded into a full N = 1 SUSY Type IIB orientifold [38]
Z2 × Z2 compactification [31] with additional ISD fluxes. In the latter constructions
the MSSM fields appear at the intersections of 3 sets of branes D7i, i = a, b, c, very
much as described above. A stack of 8 D7-branes D7a give rise to the Pati-Salam
group SU(4) (which may easily be broken down to SU(3) × U(1)B−L in the presence
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of Wilson line backgrounds). Two parallel D7-branes D7b(D7c) give rise to the gauge
group SU(2)L(SU(2)R). The D7a stack has in addition magnetic flux in its worldvol-
ume, giving rise to the replication of generations. It is beyond the scope of the present
paper to give a detailed description of the soft terms induced in a model like this (see
refs.[39, 40] fo recent analysis). It may be however ilustrative to figure out simple main
features of the expected structure of soft terms. In this particular model the stacks D7b
and D7c have no magnetic flux in their worldvolume. Thus the fields at their intersec-
tion (one set of MSSM Higgs fields) will simply have ξHu = ξHd = 1/2. The quarks and
leptons reside at intersections D7a−D7b and D7a−D7c. Given the symmetries of the
brane configuration in this model (and the built-in Pati-Salam symmetry) all quarks
and leptons are universal, ξQ = ξU = ξD = ξL = ξE = ξ. So all in all the general form
of soft terms will be
m2Hu = m
2
Hd
=
|M |2
2
(6.3)
m2Q = m
2
U = m
2
D = m
2
L = m
2
E = (1− ξ)|M |2
AU = AD = AL = −M(5/2 − 2ξ)
B = Mµ .
For large T-values the magnetic fluxes are diluted and one expects to recover the case
without fluxes with ξ ≃ 1/2. In that limit one would have the universal result
m2i =
|M |2
2
; i = Q,U,D, L,E,Hu, Hd (6.4)
AU = AD = AL = −M(3/2)
B = Mµ .
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